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184 The Rev. J. B. Reade on producing Achromatic Light 

of my finest prisms this spectrum appears like a piece of 
striped cloth. 

XLI .  On a Method of  producing Achromatic Light in Solar 
and Ozg-hgdrogen Microscopes, and on the Effect o f  a Cur- 
rent of  Air upon the Rags that occasion Heat. B 9 the Rev. 
J. B. READE, M.A. ~ 

I T will no doubt be admitted, that the experiments of Mel- 
loni on radiant heat and light have not only given us much 

insight into the nature of these two agents, but have also 
tended to solve the important problem which had been raised 
as to their identity. Henceforward, therefore, any new facts 
can occupy but a secondary place, and, however interesting 
in themselves, their real value must depend on their conform- 
ing to a theory which has ah'eady been independently proved. 

The received theory is, that the luminous and calorific rays 
are two essentially distinct modifications which the mthereal 
fluid suffers in its mode of existence, and that they may be 
easily separated the one from the other by transmitting the 
mthereal fluid through screens of different substances. 

Melloni, in his experiments, has employed a variety of ra- 
diating sources, and received the rays on screens of coloured 
and uncoloured glass, liquids, and crystallized bodies. The 
tables with which he has furnished us of both solid and liquid 
bodies, exhibit the common thickness of the screens eniployed, 
and besides the substance, the indications of the thermomulti- 
plier, and the number of rays transmitted as compared with 
the whole radiation. The effect produced appears to vary 
with nearly every variation of the substance, and it is only 
with sulphate of copper, and a peculiar species of green glass 
coloured by means of oxide of copper, that no calorific action 
is perceptible. 

In following out Melloni's idea of the separation of the ca- 
lorific and colorific raysT, I have sought in my own experi- 
ments to attain this object by modes sufficiently effective in 
themselves, and, at the same time, admitting of such easy ap- 
plication to the solar and oxy-hydrogen microscopes, that 
achromatic object-glasses, and objects mounted in balsam, may 
be used without risk or danger. 

That method which I have found to be very successful, and 
attended with the least possible amount of trouble, consists, as 
I have stated in a paper communicated to the Royal Society, 
in a certain position of the condensing lens and the field-glass 
of the solar microscope, by which a difference of at least 50 ° 

Communicated by the Author. 
[']" A translation of Meiloni's paper on this subject will bc found in 

Scientific Memoirs, Part III. p. 388.-EuI~.] 
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in Solar and Oxyh~drogen MicroscoTes. 185 

or temperature is indicated by the thermometer at the loci of 
these two lenses. I t  appears, however, upon trial, that the 
crossing of the rays between the lenses so materially affects 
the illuminating power, when a terrestrial source o f  light is 
used, that the applicability of this arrangement to the oxy- 
hydrogen microscope becomes extremely questionable. I have 
therefore proposed two new methods, which appear both to 
improve the light and to remove all injurious heat. 

The light is improved by a combination of different lenses. 
After the rays proceeding from a column of lime have been 
rendered parallel, they are received on what may be properly 
termed the condensing lens of the instrument. A very deep 
double concave lens is then placed within the focus now ob- 
tained~ so that the condensed emergent pencil is of small dia- 
meter, parallel, and nearly achromatic. W e  then proceed as 
usual with the field-glass and the object-glass. With this 
arrangement only have I been able to see, with entire satis- 
thction, the longitndinal and cross lines on those scales of 
butterflies' wings which are received as test objects; and this 
distinctness evidently arises fi'om effecting, by means of the 
concave lens, an almost entire removal of the blue rays, 
which in any other adjustment of lenses occupy the middle 
of the illuminated disc. 

The heat is also partially removed by this combination of 
lenses ; for, as calorific rays, like luminous rays, are suscep- 
tible of refraction, it will follow from the different positions of 
tim principal loci of light and heat in the axis of the conden- 
sing lens, that when the concave lens renders the colorifie rays 
parallel, the calorific rays will, in this case, diverge. But to 
procure a practically efficient removal of the heat, I have pro- 
posed to transmit the rays through a current 9 f  air. That  
such a method should not have occurred to ]V[elloni cannot 
but be a matter of surprise, though perhaps, indeed, it may 
seem somewhat unphilosophieal to blow with a pair of com- 
mon bellows upon the rays of the sun, under the expectation 
of putting out the heat. But, be tlfis as it may, the effect is most 
decisive ; for, as it will presently appear, this usefnl household 
instrument, like the traveller in the fable, blows both hot and 
cold. 

After the idea of using the bellows had suggested itself to 
my mind, I took the first opportunity which occurred of 
placing a delicate thermometer in the focus of the condensing 
lens of my solar microscope. By directing a current of air 
upon it, the calorific energy of the solar beam was suddenly 
diminished, and,  afi:er a few blasts, the thermometer indicated 
about 60 ° of temperature only. I t  is quite evident that no- 

Third Series. Vol. 10. No. 60. March 18S7. 2 B 
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186 The  Rev. J. B. Reade on the Oxghgdrogen Microscope. 

thing would be easier than to direct a continued current upon 
a thin screen of glass placed just behind the object in the mi- 
croscope, by which means the uniform and low temperature 
thus steadily maintained would ensure perfect safety even for 
the most delicate animalcules. 

Under  the impression that some change would be indicated 
by the thermometer if a current of air were impinged upon 
it when it indicated the ordinary atmospheric temperature, I 
directed against the bulb about thirty blasts with the bellows. 
I confess I was not prepared to find, after just witnessing the 
rapid Pall of the mercury, that a decidedly opposite effect would 
be produced. The  mercury, however, now rose in different 
thermometers, placed both in the house and also in the open 
air, between five and seven degrees. In each experimel~t the 
bellows, before they were used, had acquired the temperature 
of the surrounding air, and the first tbur or five blasts pro- 
duced at least one third of the whole elevation. W e  have, 
therefore, before us these two facts, that a current of common 
air is a powerful absorbent of the rays that occasion heat ; and 
that in the blast of bellows by which this current is main- 
tained there are equal and opposite forces tending to produce 
et~uilibrium. These two forces consist in a refrigerating and 
a calorific current, which have each a separate existence. The  
former is effective if the mercury be artificially raised, and the 
latter if it indicate the temperature of the air. In the first 
case the calorific principle in the solar ray is imparted to the 
current of air and absorbed ; and in the second, the calorific 
principle in the current of air is itnparted to the thermometer 
and retained. And hence it must be admitted, however it may 
appear to contradict our sensations, that the blast of a pair of 
bellows is at least 5 ° warmer than the air they receive. To  ac- 
count for this fact it is only necessary to relier to the general 
law established by Clapeyron, whose memoir on the motive 
power of heat has found a place in Par t  I. of Mr.  Taylor 's  new 
and very valuable quarterly publication entitled " Scientific 
Memoirs." The  law at which Clapeyron has arrived, and 
which is applicable to all the substances of nature, solid, li- 
quid ~, or gaseous, is, that if the pressure supported by diflbr- 
ent bodies, taken at the same temperature, be augmented by 
a small quantity, quantities of heat will be disengaged from 
them, which will be proportional to their dilatability by heat. 
But it is beside my purpose to enter fnrther into this subject. 
I have already accomplished the object I had in view by show- 
ing that the free passage of a current of air absorbs the ealo- 

* The  impact  of  a current  of  water  on a the rmomete r  produces all ef- 
fect similar to the impact  of  a current  of air. 
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On the Rejqex Fm;ction of lhe Spinal Marrow. 187 

rifle rays, and that the introduction of a concave lens tends to 
aehromatize and improve the light. Our solar and oxy-hy-  
drogen microscopes, therefore, instead of being used for pur- 
poses of amusement only, and limited to the exhibition of ob- 
jects which are not affected easily by heat, may henceforward 
be employed for purposes of scientific investigation, and there- 
by assume the more important rank of valuable philosophical 
instruments. 

Peckham, Feb. 10, 1837. 

X L I I .  On Professor MiJLLErt's Account of  the Realle.z" Fnne- 
tion of  the Spinal Marrow. Communicated b 3 MAaSHALL 
HALl., M.D., F.R.S., 8;c. 

[Continued from p. 129, and eoneluded.] 

" ] [ ' ~R .  M A R S H A L L  H A L L  distinguishes four kinds of 
1_ !  muscular eomraetion : I st, The  w)luntary, which appears 

to depend on the brain; ~nd, The  respiratory*, which appears to 
depend on the medulla oblongata; Srd, The  involuntary, which 
depends on the nerves and muscles, and requires the immediate 
application of stimuli to the muscles provided with nerves, or 
to their nerves ; and 4th, Tlle reflecting, which continues, in 
part, after the voluntary and respiratory have ceased, and is 
connected with the medulla spinalis. I t  ceases after removal Of 
the spinal marrow, though irritability does not diminish. In 
this fourth themotor stimulusdoes notoriginate in a. central part 
of the nervous system, but at some distance from the centre ; 
it is neither voluntary nor direct in its course, but rather ex- 
cited by peculiar stimuli, which act, not immediately on the 
nmscular fibres and motor nerves, but on membranous ex- 
pansions, from which the stimulus is conducted to the medulla 
spinalis. Dr.  Marshall Hall  illustrates the importance of this 
reflecting function of the medulla oblongata and spinal marrow 
by some instances. The  prehension of food is a voluntary act, 
and cannot be performed after removal of the brain ; the pas- 
sage of the morsels of food over the glottis and through the 
pharynx depends on tile reflex function, and still continues 
after the brain is removed. Although, for instance, the 
muscles which are aetive in this case, may also act voluntarily, 
yet the presence of the morsel in the pharynx produces a se- 
ries of violent motions, which have been described above 
(p. 479.), and which arise from the stimulus of the morsel 

I am now of opinion that respiration itself is a part of the reflex or e~c- 
clto-motory function, and dependentupon appropriate excitor ner~'es.-- 
M.H. 
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